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. 
RESEARCH MEMORANDUM 

EFFECTS OF CHORD-EXITENSION AND DROOP OF COMB WED 

MODEL HAVING A 35O SWEPI'RACK WING WITH mAIN 

By Byron M. Jaquet 

A low-speed invest igat ion was made i n   t h e  Langley stability tunnel 
t o  determine  the  effects of a chord-extension and droop of t he  conibined 
leading-edge  flap and chord-extension on t h e   s t a t i c   l o n g i t u d h a l  sta- 
b i l i ty   chara .c te r i s t ics  of  an  airplane model having a 35O sweptback wing 
with  plain  t ra i l ing-edge  f laps   neutral   or   def lected.  The chord-extension 
was of constant  chord and extended  from 0.68 semispas t o   t h e  wing t i p .  
In  addition,  various model arrangements were investfgated with a chordwise 
fence  instal led at 0.36 semispan from the  plane of  symmetry. 

With the   p la in   f laps   neut ra l  o r  deflected,  the  chord-extension - provided  neutral   s tabi l l ty  a t  angles of a t tack  where the plain  arrange- 
ment was unstable and the droop of t h e  conibined leading-edge f l a p  and 
chord-extentZion  caused a decrease i n  s t a b i l i t y  and in some cases  insta- 
b i l i t y  as w e l l  as an i n c r e a s e   i n  lift-drag r a t i o s  at angles of a t tack  
from about 6 O  t o  16O. 

I 

A comparison  of t h e  drooped  leading-edge f l a p  ana chord-extension 
combination  with a slat arrangement  previously  investigated on t he  same 
model indicated that at angles of a t tack  from 1l0 t o  26O, with  f laps  
neu t r a l  o r  deflected,   the slat  arrangement  produced-ConsTderably higher 
l i f t  coeff ic ients  and lift-drag ra t io s   t han   t he  drooped leading-edge 
f l a p  and chord-extension  combination. With the   f laps   def lec ted   the  model 
w i th   t he   s l a t  arrangement had a s l i g h t  amount of i n s t a b i l i t y  at l i f t  
coeff ic ients  above 1-2 whereas the  model with  the drooped  leading-edge 
and chord-extension  codination was stable f o r  all l i f t  coeff ic ients  

angle of a t tack of abaut loo. 
1 although  the  pitchfng moment showed a large  negative  increase above an 

I 
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The addition of the  fence  generally had l i t t l e  effect  on t he  l i f t ,  
drag,  or pitching-moment character is t ics  of the  model.  The fence did,  
however, s l ight ly   reduce  the  instabi l i ty  caused  by  droop  of t he  combined 
leading-edge  flap and chord-extension at lift coefficients of  about 0.8 
with  the  plain  f laps  neutral .  

INTRODUCTION 

A number of  recent  investigations have  been  conducted t o  determine 
the influence of chord-extensions and chordwise  fences i n  eliminating 
the  longi tudinal   instabi l i ty  of swept  wings  and swept-wing airplanes 
(refs. 1 t o  5 ) .  In the   invest igat ion of reference 3 t h e   i n s t a b i l i t y  of 
a 40° sweptback-wing airplane model with  f laps  neutral   or  deflected was 
a t t r i bu tab le   t o  unstable chazacterist ics of t h e  wing and i n   t h i s   c a s e  a 
chord-extension w m  used t o   o b t a i n   s a t i s f a c t o r y   s t a b i l i t y  f o r  t he  com- 
p l e t e  model by el iminat ing  the  instabi l i ty  of t h e  wing. In  the  case of 
a 35' swept-wing airplane model ( f laps   neutral)  which had longitudinal 
i n s t a b i l i t y   a t t r i b u t a b l e   t o   a n  unstable var ia t ion of  downwash angle  with 
angle of attack,  the  use  of  ei ther a chord-extension  or a chordwise 
fence  reduced  the  longi tudinal   instabi l i ty   to   neutral   s tabi l i ty   ( ref .  4 ) .  
The investigation of reference 5,  on the  same model used in   reference 4, 
indicated  that  two fences w e r e  necessary t o  reduce   the- ins tab i l i ty  of 
t h e  model for   both  the  c lean and landing  conditions. The landing con- 
dition  included  the  extension of  leading-edge slats, landing  gear, and 
the  def lect ion of plain  trail ing-edge  f laps.  

The present  investigation was conducted  mainly t o  determine t h e  
e f fec ts  of a chord-extension on t he   s t a t i c   l ong i tud ina l  stability of 
t h i s  35O sweptback-wing model with  plain  f laps   def lected and landing 
gear a.nd doors  extended and t o  determine  the  effects of a drooped 
leading-edge f l a p   i n  combination  with a drooped chord-extension on t he  
lift, drag, and s ta t ic   longi tudina l   s tab i l i ty   charac te r i s t ics  of t h e  
model in   the   c lean  and landing  conditions. The fence  with which t h e  
airplane was original ly  equipped was mounted on t h e  wing f o r  some tests. 

SYMBOIS 

The data  presented  herein are i n   t h e  form of standard NACA symbols 
and coefficients  of  forces and moments and are referred t o   t h e   s t a b i l i t y  
system of axes with  the  origin at the  projection of the  quarter-chord 
point of t he  mean aerodynamic chord of t h e  wing without a chord-extension 
on the  plane of symmetry.  The posi t ive  direct ion of the  forces,  moments, 
and angular displacements i s  shown i n  figure 1. The coefficients which 
were based on t h e  wing with  chord-extension removed and symbols used 
herein are defined as follows: - c 
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lift coeff ic ient ,  L/qS 

maximum lift coeff ic ient  

drag  coefficient , D/qS 

pitching-moment coeff ic ient ,  M/qSE 

lift -drag rat i o  

maximum lift-drag ratio 

lift, lb 

drag, lb 

pitching moment, f t - l b  

aspect   ra t io ,  b2/S 

wing span, f ' t  

mea  of p l a in  wing, sq f t  

wing l o c a l  chord p a r a l l e l  to plane of symmetry, f t  

wing m e a n  aerodynamic  chard, - S f t  

9 dynamic preslsure, - 'z2, lb/sq f't  

v free-stream  velocity, f p s  

i w  incidence of wing-root-chord line with respect t o  
fuselage  center  l ine,  deg ( 3 O  for   present   invest igat ion)  

a angle  of  attack of Ouselage center line, deg (angle of 
a t tack  of wing is related to   angle  of a t tack  of fuselage 
center   l ine by = a + iw; see f i g .  I) 

6f   def lect ion of plain trail ing-edge  f laps,  deg (measured 
perpendicular  to  hinge  l ine) 

" 
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droop angle, deg (deflection of leading-'edge flap and 
chord-extension  combination measured para l le l   to   p lane  
of symmetry) 

spanwise distance measured perpendicular t o  plane of 
symmetry, f t  

.AFPARATUS, MOmL, AND TESTS 

The present  investigation w a s  conducted i n   t h e  6-foot-diameter 
test  section of t he  Langley s tab i l i ty   tunnel   wi th   the  model  mounted at 
the   o r ig in  of t h e  &xes system on a single  support strut. The strut was 
a t tached   to  a six-component balance system. 

The  model used for   the  present   invest igat ion ia sham i n  figure 2. 
The basic wing (chord-extenaion removed) had an aspect ratio of 3.57, a 
t ape r   r a t io  of 0.565, an area of 2.975 square feet, and a mean aerody- 
namic chord  of 0.942 foot. The w i n g  with the chord-extension  (configu- 
r a t ion  7 of ref. 4) had an aspect  ratio  of 3.42, an area of 3.078 square 
foot,  and a mean aerodynamic chord of 0.965 foot. The span of the  chord- 
extension was 0.32 semispan &nd it extended from t h e   t i p  inboard. 

The portion of t h e  wing leading edge from 0 .432  t o  t h e   t i p  (con- 
s t an t  chord  of 0.136E) w a s  hinged ( f ig .  2) t o  enable several droop angles 
t o  be  investigated.  This  span was selected  to  duplicate  the  span of t he  
slats of model 2 of reference 5. Fence A of reference 5 was fns ta l led  
on the  model at 0.3% f o r  mme tests. In addition,  plain  trailing-edge 
f l aps  were incorporated in t h e  w i n g .  All gaps  caused by the  drooped: 
leading edge  and p la in   f laps  were sealed. Photographs of t he  model are 
presented i n  figure 3. 

Force  testa,  consisting  of  the measurement of lift, drag, and 
pitching moment through  an  angle-of-attack range of -bo t o  36O, were 
made a t  a dynamic pressure  of 39.7 pounds per  square  foot. The test 
Mach number was 0.17 and the  Reynolds number was 1.1 x 106 based on the  
m e a  aerodynam€c chord of the   bas ic  w i n g .  Although the  condition of 
6f = Oo and 6n = Oo was investigated in reference 4, this   condi t ion 

. 

i 



NACA RM L52K21a - 5 

was repeated  herein  to  have a l l  data under the same test conditions. 
The f o r c e   t e s t s  are summarized i n  the  following  table:  

I I I I 

For the tests with  the  plain  f laps   def lected 50°, the landing  gear 
and doors were in s t a l l ed  on t h e  model; whereas, w i t h  the   f laps   neut ra l ,  
the   gear  and doors  were removed.  The horizontal  t a i l  incidence w a s  Oo. 

Approximate  jet-boundary  correcti'ons,  based on unswept-wing concepts, 
have  been  applied t o   t h e  angle of a t tack  and drag coefficient.  The 
methods of  reference 6, a l s o   f o r  unswept wings, were used t o  determine 
blockage  corrections which were app l i ed   t o   t he  drag coeff ic ient  end dy- 
namic pressure.  Jet-boundary  corrections were applied t o  horizontal- ta i l -  
on pitching moments and were determined  by t h e  methods of  reference 7. 

Support strut tazes have  not  been  applied t o   t h e  data but, w i t h  t he  
exception of the drag tare, are be l i eved   t o  be small. The absolute 
values of the  drag  coeff ic ient  and L/D are not  believed  representative 
of free-air conditfons; however, the increments  due t o  the p la in   f laps ,  
droop, and fence A are bel ieved   to  be reliable, 
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RESULTS AND DISCUSSION 

General Remarks 

NACA RM L52K21a 

Inasmuch as a detailed discussion  of  the  effects  of  the chord- 
extension on the  lift and pitching-moment character is t ics  of the model 
with p la in   f laps   neut ra l  wa6 presented in   re fe rence  4, only  brief con- 
s idera t ion  w i l l  be  given  herein. The chord-extension  of  configuration 7 
of  reference 4 was selected  for  the  present  investigation  because it was 
found t o  be sa t f s fac tory  from the standpoint of longi tudina l   s tab i l i ty  
up t o  Mach numbers of 0.94 i n  tests i n  the Langley  high-speed 7- by 
10-foot  tunnel  (data  unpublished). 

In figures 4 to 11 the  pitching-moment data are plotted  against  
angle of a t tack  as a re  CL, L/D, and CD. Since the present  investi-  
gation is  concerned  primarily  with  longitudinal  stability,  the  pitching- 
moment data are also  plot ted  against  liFt coef f ic ien t   for  the various 
model arrangements i n   f i g u r e s  12 and 13. I n  a l l  case8 where the   p la in  
f l aps  w e r e  deflected,  the  landing  gear and doors were in s t a l l ed  on the  
model. 

Effects of Chord-Extension 

With the  plain  t ra i l ing-edge  f laps   neutral   ( f ig .   12(a))   the   addi t ion 
of a chord-extension to   the   bas ic  model reduced t h e   i n s t a b i l i t y  which 
occurred  around CL = 0.7 t o   neu t r a l   s t ab i l i t y .  Wlth the plafn  f laps  
deflected 500 t h e   i n s t a b i l i t y  of the   basic  model which occurred at about 
C = 0.9 was eliminated by the   addi t ion of the  chord-extension 
( h g .  12( b)  ) . I 

Deflecting  the  plain  f laps produced a large,  approximately constant, 
increment i n  CL up t o  about a = 90 with e i the r  t h e  chord-extension ., 
off  o r  on. Addition  of  the  chord-extension with f laps   neutral   or  de- 
f lected  increased  the lift coeff ic ient  at high lift coefficients.  (See 
figs. &(a) and 5(a).) Although t h e  chord-extension  produced a higher 
Iff% coefficient  than  the  basic model from  about a = 80 t o  a = 26O, 
t h e  increment i n  lift coeff ic ient  due t o   f l a p   d e f l e c t i o n  was about one- 
half t h a t  of  the  basic model for  angles of a t tack between 14O and 24'. 
The chord-extension  arrangement  with 6f = Oo had a higher lift coef- , 
f i c i e n t  at angles of a t tack between l4O and 2 4 O  than  did  the  basic model 
with 6f = 50°. The effect6  of the chord-extension  with  flaps  neutral 
on the  var ia t ion of L/D and CD with a a re  similar to   those  with the  
flaps  deflected,  Deflection  of  the  flaps 50° decreased (L/D)- by 
about a factor   of  1.5. (Compare figs. 4( c )  and 5(c) .  1 The chord- 
extension  increased L/D from  angles of  a t tack  of about 60 t o  20° 
(fig. 5 ( c ) ) .  
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The addition of  fence A t o  the chord-extension  arrangement had 
e s sen t i a l ly  no e f fec t  on Cm, CL, L/D, or  Q with  f laps   neutral   or  
deflected.  (See  figs. 4, 5 t  and 12.) The fence had no appreciable 
e f f ec t  on t h e   s t a b i l i t y  of  t he  model w i t h  the  chord-extension off as  
was noted i n  reference 5. 

Effects  of Droop of Conibined Leading-Edge Flap and Chord-Extension 

Plain  f laps  neutral .-   Deflecting the comb;ned leading-edge  flap 
and  chord-extension  outboard of 0.432g (b = 3O, 6O, go) caused insta- 
b i l i t y  of the model i n  the angle-of-attack range of about go t o  14O 
whereas  only  insignificant  changes  occurred i n   s t a b i l i t y  at a l l  other 
angles of a t tack  invest igated  ( f ig .  6(a)) .  A similar result was noted 
in   r e f e rence  3. For all droop angles invest igated  the model was s t ab le  
up t o  CL = 0.8 (a = 9O). (See  f ig.   13(a).)  

Although tuft studies o r  w a k e  surveys were not made f o r  the present 
investigation, the unstable   effects  of  the separation yortex (ref. 4) 
were believed  to  be  increased by a vortex  along the outboard  edge of t h e  
undrooped p a r t  of the leading  edge which increased as the droop angle 
increased.  This is similar t o  the  vortex along the  inboard  face of t h e  
chord  recession  investigated  in  reference 4. The beneficial   vortex  along 
the inboard  face of t he  drriqed leading-edge f l a p  is possibly masked by 
the  vortex on t h e  undrooped section. Droop produced  noticeable  chaages 
in CL only  for  angles of a t tack  greater  than about 200 ( f ig .   6 (a ) ) .  

The l a rges t   e f f ec t s  of  droop of t h e  combined leading-edge f l a p  and 
chord-extension on L/D were i n  the angle-of-attack  range of a = 60 
t o  a = 1 6 O  where an  increase in droop  increased L/D ( f i g .  6(  c )  ) 
which resulted from a decrease i n  CD. 

With the   hor izonta l  t a i l  remved, 6O of droop of t h e   c o d i n e d  
leading-edge  flap and chord-extension did not produce  significant  changes 
i n  s t a b i l i t y   ( f i g .  7( a) ) . The var ia t ion  of  Cm with CL f o r  6n = 0 
or 6, = 60 is sa t i s f ac to ry  up t o  about CL = 1.0. ( f ig .  l 3 ( a ) ) .  The 
e f f ec t s  of droop on t h e  drag and L/D w i t h   t h e   h o r i z o n t a l   t a i l  rexnoved 
( f  fg. 7( c )  ) are somewhat similar to   t hose  w i t h  the  t a i l  on ( f ig .  6( c) ) . 

The addi t ion of fence A sl ight ly   decreased  the instability caused 
by  droop of the combined leading-edge  flap and  chord-extension a t  lift 
coef f ic ien ts  of about 0.8 (f igs .   13(a)  and 13(b)).  The fence had insig- 
n i f i can t   e f f ec t s  on L/D and CD ( f i g .  6). 

Plain  f laps   def lected.-  The model wi th   the   p la in   f laps   def lec ted  500 
is  stable o r   neu t r a l1  stable throughout the angle-of-attack  range  for 
droop  angles of 00, 3 B and 6 O .  The go droop caused i n s t a b i l i t y  at 
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about a = 11' (f ig .  8(a) ) . With the flaps deflected the var ia t ion 
of Cm w i t h  CL is about  constant up t o  CL = 1.0 f o r  a l l  droop 
angles (fig.  13( c)  ) . The effects of droop on L/D and CD with the  
flaps deflected (f igs .  8(c)  and 8 (d ) )  axe similar to   those  with the  
flaps neutral   ( f igs .   6(c)  and 6 (d ) ) .  Droop of t he  combined leading- 
edge f l a p  and chord-extension  produced no signif icant  changes i n  the 
s tabi l i ty  of the model with the horizontal t a i l  off ( f igs .   9(a)  and 
l 3 ( c ) )  and plain  f laps   def lected as was the case with the flaps  neutral .  

With fence A on t he  w i n g ,  the model was stable o r  neutrally stable 
through  the  angle-of-attack range only f o r  droop  angles  of 00 and 3O 
(fig. 8(b) ), instabi l l ty   occurr ing with 6O and go droop at  about a = 110. 

Comparison With S l a t  Arrangement 

A comparison of the character is t ics  of the plodel equipped with 60 
of droop of the combined leading-edge f l ap  and chord-extension with the 
various slat and f l ap  arrangements  investigated fn  reference 5 is made 
in figures 10 t o  12. This amount of  droop was chosen  because with flaps 
deflected and fence A off neutral  o r  posi t ive stability was maintained 
throughout the  angle-of-attack  range  investigated  (fig. 8(a)) .  The slat 
deflection used i n  the  investigation  of  reference 5 was 14.50 measured 
pa ra l l e l  t o  the plane of symmetry. 

Plain  f laps  neutral .-  With the   p la in  flaps neutral   (f ig.  lO(a)) the  
model with e i ther  t h e  leading-edge flap mid chord-extension  combination 
drooped 6O o r   s l a t  extended w a s  stable up t o  about 10.50 which corre- 
sponds t o  a l i f t  coefficient of about 0.8. The var ia t ion of C, w i t h  
CL ( f ig .  12(c)) w a s  about t he  same for   both arrangements up t o  CL = 0.8. 
The drooped leading-edge f l a p  and chord-extension  combination was more 
unstable, but f o r  a shorter range of  lift coefficients (CL = 0.8 t o  0.9), 
than the slat arrangement which was unstable  from CL = 0.8 t o  1.02. 
The drooped  leading-edge f l ap  and chord-extension  combination was stable 
at higher l i f t  coefficients whereas the  slat arrangement was unstable a t  
about CL = 1.2. The slat arrangement,produced a higher lift coeffi-  
c ient   than  the drooped leading-edge f l ap  and chord-extension  combination 
from  about a = loo t o  a = 26' ( f ig .  l O ( a )  ). There was essent ia l ly  
no di f fe rence   in  l i f t  coefficient between t h e  two  model arrangements f o r  
other  angles  of  attack. Each  model arrangement had about the same 
(L/D)- ( f ig .  lO(c))  which was only  s l ight ly  affected by the addition 
of  fence A ( f ig .  l O ( d ) )  whereas i n  the angle-of-attack range from a = 110 
t o  a = 26O the sl&t arrangement  produced a higher  value of L/D than 
the  drooped leading-edge flap and chord-extermion  combination. 

Addition of fence A t o  either arrangement improved the s t a b i l i t y  
around CL = 0.8. The slat arrangement w a s  improved t o  about neutral  

c 
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f stabil i ty but   the  drooped  leading-edge f l a p  and chord-extension combi- 
nation s t i l l  was unstable  (f igs,  l O ( b )  and 12( c )  ) . 

- Plain  f laps  deflected,-  With the   p la in   f laps   def lec ted  50° 
(f igs .  l l ( a )  and 12(d) )  t h e  drooped  leading-edge f l a p  and chord- 
extension  codinat ion w a s  s t ab le  throughout the l i f t -coeff ic ient   range 
investigated  although  the  variation of C, with CL showed a large 
negative  increase above (r = loo. The s l a t  arrangement was s t ab le  up 
t o  about CL = 1.2, a f t e r  which s l igh t   ins tab i l i t3   occur red .  The slat 
arrangement  produced much higher lift coefficients  than  the drooped 
leading-edge f l a p  and chord-extension  conibination  between angles of 
a t tack  of about loo and 2 4 O  ( f ig .  l l ( a ) ) .  A s  i n   t he   ca se  of t he   f l aps  
neutral ,  w i t h  the  flaps deflected 50° the slat arrangement  produced the  
highest  values of L/D f o r  angles of a t tack  f rom 8O t o  24' ( f ig .  11( c )  ) 
and the addition of fence A did not  produce  significant changes in L/D 
o r  CD ( f i g .   l l ( d )  ). 

Addition of fence A t o  t he  drooped  leading-edge f l a p  and chord- 
extension  combination had very l i t t l e  e f f ec t  on t h e   s t a b i l i t y   b u t   t h e  
fence did s l i g h t l y  improve the s t a b i l i t y  of  t he  slat arrangement 
( f ig .  12(d)). The fence had l i t t l e  o r  no e f f ec t  on t he  l i f t  coeff ic ient  
fo r   t he  drooped  leading-edge f l a p  and chord-extension conribination  where- 
as with the s l a t  arrangement a reduct ion  in  CL w a s  cawed by the  fence 
at angles of  a t tack  from 13O t o  1go. 

CONCLUSIONS 

A low-speed invest igat ion made i n  the Langley s t ab i l i t y   t unne l  t o  
* determine the ef fec ts  of a chord-extension and droop of t h e  conibined 

leading-edge flap and chord-extension on the static  longitudinal.   charac- 
t e r i s t i c s  of an airplane model having a 35O sweptback wing with  plain 
f laps   neut ra l  o r  deflected has indicated  the following conclusions : 

1. With flaps neutral  o r  deflected  the  chord-extension,  extending 
from 0.68 semispan t o  the wing t i p ,  provided s t a b i l i t y  o r  neutral  sta- 
b i l i t y   a t   a l l  angles of attack  investigated.  The basic  model  showed 
some ins t ab i l i t y .  

2. Drooping the leading-edge f l a p  &nd chord-extension  combination 
caused a decrease i n   s t a b i l i t y  and in some cases   instabi l i ty ,  w i t h  t he  
f l aps   neu t r a l  o r  deflected. 

3. Drooping the  leading-edge f l a p  and chord-extension  conibination - increased   the   l i f t -drag   ra t io  a t  angles of  a t tack from about 6' t o  16O, 
w i t h  f laps  neutral   or  deflected.  
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4. A comparison  of  the  drooped  leading-edge  flap and chord-extension 
combination  with a slat  arrangement  previously  investigated on the same 
model  indicated  that  at  angles of attack  from  1l0  to 26O with  flaps 
neutral or deflected,  the  slat  arrangement  produced  considerably  higher 
lift  coefficients  and  lift-drag  ratios  than  the  drooped  leading-edge 
flap and chord-exbension  combination. 

5. With  the  flaps  deflected  the  slat  arrangement  had a slight 
amount of instability  at  lift  coefficients  above 1.2 whereas  the 
drooped  leading-edge  flap  and  chord-extension  combination w a e  stable 
for a l l  lift  coefficients  although  the  pitching-moment  coefficient 
showed a large  negative  increase  above an angle  of  attack  of  about 10'. 

6 ,  The  addition of a fence  to  the  model  at 0.36 semispan from the 
plane  of  symmetry  generally  had  little  effect on pitching-moment  coef- 
ficients,  lift  coefficients,  lift-drag  ratios,  or  drag  coefficients. 
The  fence  did,  however,  slighkly  reduce  the  instability  caused by droop 
of the  combined  leading-edge  flap and chord-extension  at  lift  coeffi- 
cients  of  about 0.8 with  the  plain  flaps  neutral. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Committee f o r  Aeronautics, 

Langley  Field,  Va. 
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Figure 1.- Stability system of axes. Arrows  indicate  positive  direction 
of forces,  moments, and angular displacements. 
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(a) General model arrangement. 
Figure 2.- Pertinent model dimenslone. All dbrmions  are In Inches. 
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(b) Three-quarter f r o n t  view. zFz= 



(a) Variation of C, and CL with a. 
Pence A off .  

(b) Variation of C, and CL with a. 
Fence A on. 

Figure 4.- Effect o f  chord-extension on aerodynamic characteristics of tm 
-lane model having a 35O eweptback wing. Complete model; 6f = Oo. 
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(c)  Variation of % and L/D with a. 
Fence A OH. 

I 

(a) Variation of CD and L/Ll with a. 
Fence A on. 



(a)  Variation of C, and CL with a. 
Fence A off.  

(b) Variation of C, and CL with a. 
Fence A on. 

Figure 5.-  Effect of chord-extension on aerodynamic characteristics of art 
airplane model having a 35O sweptback  wing.  Complete  model; Ef = 50°. 
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( c )  Variation o f  CD and L/D with a. (d )  Variation of CD and L/D with a. 
Fence A off .  Fence A on. 

Figure 5.- Concluded. 
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(a) Variation of C, and CL with (I. 
Fence A off. 

(b) Variation of C, and CL with a. 
Fence A on. 

Figure 6.- EfPect of droop of combined leading-edge f l a p  and chord-extension 
on amdynamic  characteristics of an -lane model having a 350 mept- 
back wing. Complete &el; 8f = 00. 
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(c) Variation o f  $ aDd 4 D  with a. (a) Variation of % and L/D vi%h a. 
Fence A off. Fence A on. 

Figure 6.- Concluded. 
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(a) Variation of .& and CL with a. 
Fence A off. 

(b)  Variation of % and CL with a. 
Fence A on, 

Figure 7.- Effects of droop of combined leading-edge f lap and chord-extemion 
on aerodyndc  characterist ics of an airplane model having B 330 swept- 
back wing. Horizontal t a i l  off; i3f = 0'. 
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(a) Variation of Cm and CL with a. 
Fence A off. 
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( c )  Variation o f  CD and L/D with a. 
Fence A off.  

I . 8 

Figure 8.- Concluded. 
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(b) Variation of C, and CL with a. 
Fence A on. 

Figure 9.- Effects of droop of combined leading-eC@ flap and chord-extension 
on aerodyntuaic characteristics o f  an airplane mdel having a 35O swept- 
back wing. Horizontal tail off ;  tjf - Oo. 
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( c )  Variation of CD and L/D with a. (a) Variation of % and L/D with a. 
Fence A off. Fence A on. 

F i w e  9.- Concluded. 
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(E) Variation of C, and CL with a. 
Fence A off. 

Figure 10.- Comparison of aerodynmic characteristics of an airplane model 
having a 35O sweptback wing with a drooped leading-edge f lap chord- 
extension combjnation o r  with slat extended and chord-extension off. 
Complete  model; 6f = 0 0 . 

. . .  . 

% 

I 



. .  . . .  

, I 1 

. .  



(a) Variation of C, and CL with a. 
Fence A off.  

(b) Variation of C, and CL with a. 
Fence A on. 

Figure 11.- Comparison of  aemaynandc characteristics o f  an airplane  &el 
having a 35O sweptback wing with a drooped hading-edge f lap  ana chord- 
extension combination or with slat extended and chord extension off. 
Complete model; 6f = 500. 
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(a) Effect of chord-extension on variation (b) Effect of chord-extenslon on variation 
of & vlth CL. 6f = 00; Q = 00; Of Cm vlth CL. Sf = 50'; \ = 0'; 
fence A on and off. fence A m and off. 

Hgure 12.- Sutmmry of effects of chord-extension, drooped leadbg-edge f lap and chord-extension 
cmbination, and fence A 011 s t a t i c  longitudinal stability  characWristics of an airplane 
model having a 35' sweptbadc ving with p l d n  fhpS  neutral or deflected. (Data f o r  chord- 
extension ~ f f  fram ref. 5 .) Complete moael. 



(c)  Ccmrparison of tbe variation o f  & with (a) Ccmparison of the variation  of & with 
CL for 8 drooped  leading-edge flap a d  CL for a drooped le--edge f lap  and 
chord-extension  cambination  vith a slat chord-extension  ccrmbination with a slat  
arrangement. 6f = 0’; Bn = 6O; fence A arrangem?nt. 8f = 50°; Brr P 6 O ;  fence A 
on and ore. an €ma off .  
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PJgure 12.- Concluded. 
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(a) 6f = 0'; fence A off.  (b)  6f = Oo; fence A on. 

( c )  Ef = 50°; fence A off. (a)  6f = 50°; fence A on. 

Figure 13.- Summary of e f fec t  of droop of conibined leading-edge f l a p  and 
chord-extension on longi tudina l   s tab i l i ty   charac te r i s t ics   o f   an  air- 
plane model having .a 35O sweptback wing. Horizontal t a i l  on and off. 
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